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[57] ABSTRACT

A semiconductor device includes a capacitor with an
insulator having an improved durability. In the semi-
conductor device, a capacitor lower electrode 11 of the
cylindrical capacitor includes a standing wall portion
115 which is formed of a polysilicon layer having a
large crystal grain diameter (1000A-10000A).

9 Claims, 29 Drawing Sheets
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SEMICONDUCTOR DEVICE HAVING A
POLYSILICON CAPACITOR WITH LARGE GRAIN
DIAMETER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor
device and a manufacturing method of the same, and in
particular, to a dynamic random access memory
(DRAM) and a manufacturing method of the same.
~ 2. Description of the Background Art

Owing to remarkable spread of information equip-
ments such as a computer, demand for semiconductor
memory devices has been rapidly increased. In particu-
lar, semiconductor devices having such functional fea-
tures as large-scale memory capacities and high-speed
operations have been demanded. Correspondingly,
technical development has been progressed for high

2

used in accordance with the high integration of the
semiconductor devices. The semiconductor devices are
now being further integrated, and the stacked type
capacitors complying with it are now being developed.
More specifically, a stacked type capacitor of a cylindri-
cal form, which is intended to ensure an appropriate

- capacitor capacitance even if the semiconductor device

10

15

integration, high-speed responsibility and high reliabil- 20

ity of the semiconductor memory devices.

Among the semiconductor memory devices, a
DRAM (dynamic random access memory) has been
known as a device capable of random input and output
of memory information. In general, the DRAM is
formed of a memory cell array, which is a memory
region storing a large amount of information, and a
peripheral circuitry required for external input and
output. |

FIG. 34 is a block diagram showing a construction of
a conventional DRAM. Referring to FIG. 34, a DRAM
150 includes a memory cell array 151 for storing data
signals of memory information, a row and column ad-
dress buffer 152 for externally receiving an address
signal which is used for selecting the memory cell form-
Ing a unit memory circuit, row and column decoders
153 and 154 which decode the address signal to desig-
nate the memory cell, a sense refresh amplifier 155
which amplifies the signal stored in the designated
memory cell to read the same, data-in and data-out
buffers 156 and 157 for data input and data output, and
a clock generator 158 for generating a clock signal.

The memory cell array 151 occupying a large area in
the semiconductor chip is formed of a plurality of mem-
ory cells for storing unit memory information disposed
in a matrix form. FIG. 35 is an equivalent circuit dia-
gram showing memory cells for 4 bits forming the mem-
ory cell array 151. Each memory cell is formed of one
MOS (Metal Oxide Semiconductor) transistor and one
capacrtor connected thereto. Such memory cell is re-
ferred to as a memory cell of one-transistor and one-
capacitor type. The memory cells of this type have
simple structures and the degree of integration of the
memory cell array can be easily increased, so that they
have been widely used in DRAMs of large capacities.

The memory cells of the DRAMSs can be classified
nto several types based on their structures of the capac-
itors. Among several types of the capacitors, a stacked
type capacitor has such a feature that a major part of the
capacitor may be extended over a gate electrode and a
field 1solating film, so that areas of opposed surfaces of
electrodes of the capacitor can be increased and thus the
capacitor capacitance can be increased. Since the
stacked type capacitor has the foregoing feature, a suffi-
cient capacitor capacitance can be ensured even if ele-
ments are miniaturized to a higher degree in accordance
with the high integration of the semiconductor device.
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As a result, stacked type capacitors have been widely -

is further integrated and thus has further miniaturized
elements, has been proposed, e.g., Japanese Patent Ap-
plication No. 02-89869 (1990). |

FIG. 36 is a plan showing a conventionally proposed
DRAM provided with cylindrical stacked type capaci-
tors. FIG. 37 is a cross section of the DRAM taken
along line X—X in FIG. 36.

Referring to FIGS. 36 and 37, the proposed DRAM
in the prior art includes a silicon substrate 201, an ele-
ment isolating oxide film 202 formed on a predeter-
mined region of a major surface of the silicon substrate
201 for isolating elements, source/drain regions 206q,
206D, 206¢ and 206d, which are surrounded by the ele-
ment 1solating oxide film 202 with predetermined spaces
therebetween and are located at opposite sides of a
channel region 220, gate electrodes 2045 and 204c
formed on the channel regions 220 with gate oxide films
205 therebetween, word lines (gate electrodes) 2044 and
204¢ formed on the element isolating oxide film 202
with a predetermined space therebetween, and insulat-
ing films 207 covering the gate electrodes 2045, 204c,
2044 and 204¢. The source/drain regions 206z and 2065
and the gate clectrode 204c¢ form a transfer gate transis-
tor 203 of one of the memory cells. The source/drain
regions 206a and 206¢ and the gate electrode 2045 form
the transfer gate transistor 203 of the other memory
cell. |

The proposed DRAM in the prior art further in-
cludes a buried bit line 208 electrically connected to the
source/drain region 2064, an insulating film 209 cover-
ing the buried bit line 208, a base portion 211a forming
a storage node (capacitor lower electrode) 211 which is
electrically connected to the source/drain region 2065
and extends over the insulating films 207 and 209, a
standing wall portion 2114 which is formed on the base
portion 211a and extends perpendicularly to the silicon
substrate 201 from the outermost edge of the base por-
tion 211¢ for forming the storage node 211, a capacitor
insulating film 212 covering the base portion 211a and
the standing wall portion 2115, a cell plate 213 (capaci-
tor upper electrode) covering the capacitor insulating
film 212, an interlayer insulating film 214 covering the
cell plate 213 and having a flat surface, interconnection
layers 215 formed on the interlayer insulating film 214

~and corresponding to the gate electrodes 2045, 204c,

2044 and 204¢, respectively, and a protection film 216
covering the interconnection layers 215. The base por-
tion 211a and standing wall portion 2115, which form
the storage node 211, as well as the capacitor insulating
film 212 and the cell plate 213 form a cylindrical stacked
type capacitor 210 for accumulating the charges corre-
sponding to the data signal. The base portion 2112 and
the standing wall portion 2115, which form the storage
node 211, are formed of polysilicon layers. The capaci-
tor insulating film 212 is formed, e.g., of a nitride film.
The cell plate 213 is formed of a polysilicon layer.
FIGS. 38-51 are cross sections showing a manufac-
turing process (first-fourteenth steps) of the DRAM
shown in FIG. 37. Referring to FIGS. 37 and 38-51, the
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manufacturing process of the conventional DRAM will
be described below.
First, as shown in FIG. 38, the element isolating
oxide film 202 is formed on the predetermined region of
the major surface of the silicon substrate 1 by an 5

LOCOS method.
Then, as shown in FIG. 39, a thermal oxidation
method is used to form the gate oxide film 205, and then

the gate electrodes (word lines) 2045, 204c, 204d and
204¢ are selectively formed. The insulating film 207 10
covering the gate electrodes 2045-204¢ are formed by
two oxide film forming steps and two etching steps. The
gate electrodes 2045, 204¢, 2044 and 204¢ covered with

- the msulating film 207 are used as a mask for ion implan-
tation, by which impurity is ion-implanted into the sur- 15
face of the silicon substrate 201. Thereby, the source/-
drain regions 2064, 2065, 206¢ and 2064 are formed.

Then, as shown in FIG. 40, a high-melting point
metal layer, e.g., of tungsten, molybdenum or titanium
1s formed and then is patterned into a predetermined 20
shape. Thereby, the .buried bit line 208 directly con-
nected to the source/drain region 206z is formed. The
insulating film 209 is formed to cover the buried bit line
208.

As shown in FIG. 41, a CVD method is used to form 25
a polysilicon layer 2116 doped with unpurlty on the
whole surface of the silicon substrate 201.

As shown in FIG. 42, the polysilicon layer 211c is
covered with an insulating layer 235 formed of, e.g.,
silicon oxide film (S103). The thickness of this insulating 30
layer 235 determines the height of the standing wall
portion 2115 which forms the storage node (the lower
electrode of the capacitor).

As shown in FIG. 43, resist (not shown) is applied to
the surface of the insulating layer 235, and lithography 35
1s used to pattern the same into a predetermined shape.
Thereby, a resist pattern (capacitor insulating layer) 236
1s formed. The width of the resist pattern 236 deter-
mines the space between the adjacent capacitors.

As shown in FIG. 44, the resist pattern 236 is used as 40
a mask for applying anisotropic etching, by which the
insulating layer 235 is selectively removed. Thereafter,
the resist pattern 236 is removed.

As shown in FIG. 45, the CVD method is used to
form a polysilicon layer 2114 containing the impurity 45
on the whole surface. The thickness of this polysilicon
layer 211d is smaller than the thickness of the polysili-
con layer 211c formed thereunder.

As shown in FIG. 46, a thick resist 237 is formed to
cover the whole surface of the polysilicon layer 211d. 50
Etchback is applied the resist 237 to expose the polysili-
con layer 211d covering the upper surface of the insulat-
ing layer 23S.

As shown in FIG. 47, the etching is applied to the
exposed polysilicon layer 2114 (see FIG. 46), and subse- 55
quently the etching is applied to the insulating layer 235
(see FIG. 46) in a self-aligned manner to remove the
same. Thereby, the surface of the polysilicon layer 211c
1s partially exposed. Also, the standing wall portion
2115 forming the storage node 211 is completed. 60

As shown in FIG. 48, the exposed polysilicon layer
211c (see FIG. 47) is removed in a self-aligned manner
by the anisotropic etching. Thereafter, the resist 237
(see FIG. 47) is removed. Thereby, the base portion
211c forming the capacitor lower electrode (storage 65
node) 211 1s completed. Thus, the capacitor lower elec-
trode (storage node) 211 formed of the base portion
211c and the standing wall portion 2115 is completed.

4

As shown in FIG. 49, the thin capacitor insulating
film 212 formed of e.g., a silicon nitride film is formed
on the surface of the capacitor lower electrode 211.

As shown in FIG. 50, the cell plate 213 made from
electrically conductive polysilicon i1s formed on the
whole surface. Thereby, the stacked type capacitor 210,
which includes the base portion 211a and standing wall
portion 2115 forming the capacitor lower electrode 211
as well as the capacitor insulating film 212 and cell plate
213 is completed.

As shown in FIG. 51, the cell plate 213 is covered
with the thick interlayer insulating film 214. The inter-
connection layer 218 of, e.g., aluminum having a prede-
termined shape is formed on the surface of the inter-
layer insulating film 214.

Finally, as shown in FIG. 37, the surface of the inter-
connection layer 213 is covered with the protection film
216. By the foregoing steps, the memory cells of the
conventional DRAM are formed.

As stated befere, in the conventional DRAM, the
standing wall portion 2115, which forms the cylindrical
capacitor lower electrode (storage node) 211, is made of
polysilicon.

The polysilicon generally has microscopical uneven-
ness on its surface. FIG. 52 is an enlarged view of a
portion of the polysilicon layer 2114 indicated by A in
the manufacturing step of FIG. 45. Referring to FIG.
52, the polysilicon layer 211d formed on the side surface
of the insulating layer 235 has the surface roughness of
about 1/10 of its thickness. For example, if the polysili-
con layer 211d has the thickness of 1000A, its surface
300 has the roughness of about 100A. The unevenness
of the surface of the polysilicon layer 2114 is caused by
the grain boundary. More specifically, the polysilicon
layer 2114 includes silicon crystal grains having differ-
ent grain diameters in a range from about 200A to about
JO0A. Therefore, the crystal grains have different
growth rates, and thus some grains grows more rapidly
than others. As a result, the microscopical unevenness is
formed in the upper surface of the polysilicon layer
211d.

Referring to FIG. 37, in a macroscopical view, the
cell plate 213 has an angular end 2132 which is formed
on a surface of a bent portion of the standing wall por-
tion 2115 with the capacitor insulating film 212 therebe-
tween. FIG. 53 is an enlarged cross section showing a
portion B of the DRAM shown in FIG. 37. Referring to
FIG. §3, the end 2132z of the cell plate 213 opposed to
the bent portion 301 of the standing wall portion 2115
301 has a protruding shape.

As stated above, in the prior art, the surface 300 of the

- standing wall portion 2115 microscopically has the

unevenness (see FIG. §2), and the end 2134 of the cell
plate 213 macroscopically has the protruding shape (see
F1G. 53). The microscopically uneven surface 300 of
the standing wall portion 2115 and the macroscopical
protruding end 213z of the cell plate 213 disadvanta-
geously reduce the durability of the capacitor insulating
film 212 in the prior art. More specifically, the micro-
scopical unevenness of the surface 300 of the standing

~ wall portion 2115 causes irregular electric field applied

to the capacitor insulating film 212, resulting in reduc-
tion of the durability of the insulating film. Further, the
electric field 1s concentrated at the end 213a of the cell
plate 213, which also reduces the durability of the ca-
pacitor insulating film 212.
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SUMMARY OF THE INVENTION

An object of the invention is to provide a semicon-
ductor device including a capacitor insulating film of
which durability is improved.

Another object of the invention is to provide a semi-
conductor device in which microscopical unevenness of
a capacitor lower electrode forming a capacitor is sup-
pressed.

Still another object of the invention is to provide a
- semiconductor device in which a macroscopical protru-
sion of a capacitor upper electrode forming a capacitor
is suppressed. |

Yet another object of the invention is to provide a
manufacturing method which facilitates manufacture of
a semiconductor device capable of suppressing micro-
scopical unevenness of a surface of a lower electrode of
a capacitor. .

Still another object of the invention is to provide a

manufacturing method which facilitates manufacture of 20

-a semiconductor device capable of suppressing a macro-
scopical protrusion of a capacitor upper electrode.

According to a first aspect of the invention, a semi-
conductor device includes a semiconductor substrate of
a second conductivity type having a major surface and
an impurity region of a first conductivity type located in
the major surface; an insulating layer formed on the
‘major surface of the semiconductor substrate and hav-
ing an opening reaching the impurity region; a capaci-
tor lower electrode having a first portion, which is in
contact with a surface of the impurity region and a
surface of the insulating layer and is formed of silicon
crystal having a first grain diameter, and a second por-
tion, which is in contact with at least an outermost edge
of the first portion, and extends upwardly from the
major surface of the semiconductor substrate and is
formed of silicon crystal having a second grain diameter
larger than the first grain diameter; a capacitor insulat-
Ing layer covering the surface of the capacitor lower
electrode; and a capacitor upper electrode covering the
surface of the capacitor insulating layer.

In operation, the capacitor lower electrode is formed
of the first and second portions, and the second portion
1s in contact with at least the outermost edge of the first
portion, extends upwardly from the major surface of the
semiconductor substrate and is formed of the silicon
crystal having the second grain diameter larger than the
first grain diameter of the silicon crystal forming the
first portion. Therefore, the microscopical unevenness
of the surface of the second portion is suppressed as
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compared with the prior art. This prevents irregularity -

of the field related to the capacitor insulating layer
covering the second portion. --

- According to another aspect of the invention, a semi-
conductor device includes a semiconductor substrate of
a second conductivity type having a major surface and
an impurity region of a first conductivity type located in
the major surface; an insulating layer formed on the
major surface of the semiconductor substrate and hav-
Ing an opening reaching the impurity region; a capaci-
tor lower electrode having a first portion, which is in
contact with a surface of the impurity region and a
surface of the insulating layer, and a second portion,
which is in contact with at least an outermost edge of

35
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the first portion and extends upwardly from the major 65

surface of the semiconductor substrate; a capacitor insu-
lating layer covering the surface of the capacitor lower

electrode; and a capacitor upper electrode covering the

6

surface of the capacitor insulating layer. The second
portion of the capacitor lower electrode has a portion
which is located on an upper surface of the outermost
edge of the first portion. The thickness, in a direction
along the major surface of the semiconductor substrate,
of this portion of the second portion gradually increases
toward the lower side.

In operation, the capacitor lower electrode is formed
of the first and second portions. The second portion is in
contact with at least the outermost edge of the first
portion and extends upwardly from the major surface of
the semiconductor substrate. The second portion of the
capacitor lower electrode has the portion which is lo-
cated on the upper surface of the outermost edge of the

first portion. The thickness, in the direction along the

major surface of the semiconductor substrate, of this
portion of the second portion gradually increases as the

position move toward the lower side. Therefore, a pro-

trusion of an end of the capacitor upper electrode,
which is formed on the gradually thickened portion
with the capacitor insulating layer therebetween, is
made moderate. This effectively suppresses concentra-
tion of the field at the portion of the capacitor upper
electrode having the protrusive shape thus moderated.

According to still another aspect of the invention, a
manufacturing method of a semiconductor device in-
cludes the steps of: forming a first insulating layer lo-
cated on a major surface of a semiconductor substrate -
and having an opening which is located at a predeter-
mined position and reaches the major surface of the
semiconductor substrate; forming a first conductive
layer located in the opening and being in contact with a
surface of the first insulating layer; forming a second
insulating layer on a predetermined region of the first
conductive layer; forming an amorphous silicon layer
covering at least the second insulating layer; removing
the amorphous silicon layer at least from an upper sur-
face of the second insulating layer and thereby exposing
the upper surface of the second insulating layer; remov-
ing the exposed second insulating layer by etching;
forming a capacitor insulating layer covering the amor-
phous silicon layer; polycrystallizing the amorphous

silicon layer to form a polysilicon layer; and forming a

second conductive layer covering the capacitor insulat-
ing layer.

In operation, the first insulating layer located on the
major surface of the semiconductor substrate and hav-
ing the opening, which is located at the predetermined
position and reaches the major surface of the semicon-
ductor substrate is formed. The first conductive layer
located in the opening and being in contact with the
surface of the first insulating layer is formed. The sec-
ond insulating layer is formed on the predetermined
region of the first conductive layer. The amorphous
silicon layer is formed to cover at least the second insu-
lating layer. The amorphous silicon layer is removed by
the etching at least from an upper surface of the second
insulating layer, and thereby the upper surface of the
second insulating layer is exposed. The exposed second
insulating layer is removed by etching. The capacitor
insulating layer covering the amorphous silicon layer is
formed. The amorphous silicon layer is polycrystallized
to form the polysilicon layer. The second conductive
layer covering the capacitor insulating layer is formed.
Therefore, the surface roughness of the amorphous
silicon layer is not increased by the etching, and thus the
surface roughness of the polycrystal silicon layer,
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which is formed by the crystallization of the amorphous
silicon layer after the etching, can be reduced.

According to yet another aspect of the invention, a
manufacturing method of a semiconductor device 1n-
cludes the steps of: forming a first insulating layer lo-
cated on a major surface of a semiconductor substrate
and having an opening which is located at a predeter-
mined position and reaches the major surface of the
semiconductor substrate; forming a first conductive
layer located in the opening and being in contact with a
surface of the first insulating layer; forming a second
insulating layer on a predetermined region of the first
conductive layer; forming an etching mask on a prede-
termined region of the second insulating layer; applying
etching to the second insulating layer, using the etching
mask as a mask, to remove the second insulating layer at
a region, on which the etching mask is not formed, and
to excessively remove the second insulating layer at a
region, which 1s located under a side end of the etching
mask and is in contact with the first insulating layer, to
a predetermined extent; forming a second conductive
layer covering the second insulating layer after removal
of the etching mask; removing the residual second insu-
lating layer after patterning the second conductive
layer; forming a capacitor insulating layer covering the
first and second conductive layers; and forming a third
conductive layer covering the capacitor insulating
layer.

In operation, the first insulating layer 1s formed on the
major surface of the semiconductor substrate. The first
insulating layer has the opening, which is located at the
predetermined position and reaches the major surface of
the semiconductor substrate. The first conductive layer,
which is located in the opening and is in contact with
the surface of the first insulating layer, is formed. The
second nsulating layer 1s formed on the predetermined
region of the first conductive layer. The etching mask is
formed on the predetermined region of the second insu-
lating layer. The etching is applied to the second insu-
lating layer, using the etching mask as a mask, to re-
move the second insulating layer located at the region
on which the etching mask is not formed and to exces-
sively removing the second insulating layer at the re-
gion, which is located under the side end of the etching
mask and is in contact with the first insulating layer, to
the predetermined extent. The second conductive layer
covering the second insulating layer 1s formed after the
removal of the etching mask. The residual second insu-
lating layer is removed after patterning the second con-
ductive layer. The capacitor insulating layer covering
the first and second conductive layers 1s formed. The
third conductive layer covering the capacitor insulating
layer is formed. Therefore, the second conductive layer
enters a portion from which the second insulating layer
is excessively removed, so that a bent portion at a joined
region of the first and second conductive layers has a
moderate shape. Thereby, a protruding shape of the
third conductive layer, which is formed on the bent
portion with the capacitor insulating layer therebe-
tween, is moderated.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description
of the present invention when taken in conjunction with
the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section of a DRAM including a
stacked type capacitor of an embodiment of the inven-
tion; |

FIG. 2 is an enlarged cross section of a portion of a
DRAM indicated by “C” in FIG. 1;

FIGS. 3-16 are cross sections showing 1st to 14th
steps in a manufacturing process of a DRAM of a first
embodiment shown in FIG. 1, respectively;

FIG. 17 1s an enlarged cross section showing a por-
tion indicated by “D” in FIG. 10 in a case that an amor-
phous silicon layer is replaced with a polysilicon layer
in a manufacturing process of the first embodiment;

FIG. 18 is a cross section of a DRAM including a
stacked type capacitor of a second embodiment of the
invention; |

FIGS. 19-30 are cross sections showing 1st to 12th
steps in a manufacturing process of a DRAM of the
second embodiment shown in FIG. 18, respectively;

FI1G. 31 is a cross section of a DRAM including a
stacked type capacitor of a third embodiment of the
invention;

FIGS. 32 and 33 are cross sections showing 1st and
2nd steps in a manufacturing process of a DRAM of the
third embodiment shown in FIG. 31, respectively;

FIG. 34 is a block diagram of a conventional DRAM
in the prior art;

FIG. 35 1s an equivalent circuit diagram of a memory
cell of a DRAM in the prior art;

FIG. 36 is a plan of a DRAM having a stacked type
capacitor proposed in the prior art;

FIG. 37 1s a cross section of a DRAM taken along
line X—X in FIG. 36;

FIGS. 38-51 are cross sections showing 1st to 14th
steps in a manufacturing process of a DRAM in the
prior art shown in FIG. 37, respectively;

FIG. 52 is an enlarged cross section showing a por-
tion indicated by “A” in FIG. 45 of a conventional
DRAM in a manufacturing step in FIG. 4§; and

FIG. 83 1s an enlarged cross section showing a por-
tion indicated by “B” in FIG. 37 of a DRAM in the

prior art.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Embodiments of the invention will be described
below with reference to the drawings.

Referring to FIGS. 1 and 2, a DRAM of a first em-
bodiment includes a silicon substrate 1, an element 1so-
lating oxide film 2 formed on a predetermined region of

~ a major surface of the silicon substrate 1 for separating

55

65

elements, source/drain regions 6q, 65, 6¢c and 64 formed
in regions surrounded by the element isolating oxide
film 2 with predetermined spaces therebetween and
located at opposite sides of a channel region 20, gate
electrodes (word lines) 45 and 4¢ formed on the channel
region 20 with a gate oxide film § therebetween, word
lines (gate electrodes) 4d and 4¢ formed on the element
1solating oxide film 2 with a predetermined space there-
between, and an insulating film 7 covering the gate
electrodes 45, 4c, 4d and 4e. The DRAM further in-
cludes a buried bit line 8 electncally connected to the
source/drain region 6a, an insulating film 9 covering the
buried bit line 8, a base portion 11a forming a capacitor
lower electrode (storage node) which is electrically
connected to the source/drain region 65 and extends
over and along the insulating films 7 and 9, a standing
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wall portion 115 formed on the base portion 11a and
extending perpendicularly to the silicon substrate 1
from the outermost edge of the base portion 11a, a
capacitor insulating film 12 covering the base portion
11z and the standing wall portion 115, a cell plate 13
covering the capacitor insulating film 12, an interlayer
insulating film 14 covering the cell plate 13 and having
a flat surface, interconnection layers 15 formed on the
interlayer msulating film 14 and corresponding to the
gate electrodes 4b, 4c, 4d and 4¢, respectively, and a
protection film 16 covcnng the interconnection layers
15.

The element isolating oxide film 2 is formed of a
silicon oxide film of about 4000A in thickness. The gate
electrodes 45, 4¢, 4d and 4e are formed of polysilicon
layers deeply doped with arsenic (As). The insulating
films 7 and 9 are formed of silicon nitride films (SI3N4)
or silicon oxide films (SiO;) and each are about 500A in
thickness. The capacitor insulating film 12 is formed of
a silicon nitride film, a silicon oxide film or a composite
film thereof, or is formed of a tantalum pentoxide film
(Ta;05), a hafnium oxide film (HaOz) or the like. The
1nterlayer insulating film 14 is a silicon oxide film
formed by the CVD method, and has a ‘thickness in a
range from about 5000A to about 10000A.. The protec-
tion film 16 is a silicon oxide film formed by the CVD
method and is about 8000A in thickness. The source/-
drain regions 6a, 6b, 6¢ and 64 contain n-type impurity
such as arsenic (As). The buried bit line 8 is a polysili-
con layer containing a large amount of doped arsenic
(As) or is a polycide layer formed by applying WSi
onto the same polysilicon layer by the sputter method.
A whole thickness of the buried bit line 8 is in a range
from about 2000A to about 4000A.

The base portion 11a forming the capacitor lower
electrode (storage node) is formed of polysilicon con-
taining a large amount of doped arsenic (As), and the
crystal grain diameter of the polysilicon is in a range
from about 200A to about 500A. This crystal grain
diameter (200A-500A) i1s of a conventional value. The
standing wall portion 115 forming the storage node is
formed of polysilicon, which contains a large amount
(2 102%/cm3) of doped arsenic (As) or phosphorus (P)
and has a crystal grain diameter in a range from about
1000A to about 10000A.

As stated above, according to this embodiment, the
crystal grain diameter (1000A-10000A) of the polysili-
con forming the standing wall portion 115 is larger than
the crystal grain diameter (200A-500A) of the polysili-
con forming the base portion 11a. The large crystal
grain diameter of the polysilicon forming the standing
wall portion 116 reduces the surface roughness of the
standing wall portion 11) as compared with the prior
art. More Spemﬁcally, as shown in FIG. 2, the large
crystal grain diameter (1000A-10000A) reduces the
number of the microscopically convex and concave
portions of the uneven surface of the standing wall
portion 115, as compared with the prior art (see FIG.
52). Further, by using a manufacturing process, which
will be described later, the microscopically convex and
concave portions of the surface of the standing wall
portion 115 can be remarkably reduced, as compared
with the prior art. If the standing wall portion 115 has
the thickness of 1000A, the standing wall portion 11
can have the surface roughness of about 10A or less.
Thereby, the irregularity of the field applied to the
capacttor insulating film 12, which covers the standing,
wall portion 115, 1s suppressed as compared with the
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prior art field. As a result, the durability of the capacitor
insulating film 12 can be improved.

Now, the manufacturing process of the DRAM of the
first embodiment will be described with reference to
FIGS. 1 to 1b.

First, as shown in FIG. 3, the element separating
oxide film 2 made of the silicon oxide film is formed to
the thickness of about 4000A on the predetermined
region of the major surface of the silicon substrate 1 by
the LOCOS method.

Then, as shown in FIG. 4, the gate oxide film 5 is
formed by the thermal oxidation method or the like.
The gate electrodes (word lines) 4b, 4c, 44 and 4e
formed of the polysilicon containing a large amount of
doped phosphorous (P) are selectively formed on the
gate oxide film §. The CVD method is used to execute
the two 2 oxide film forming steps and the two etching
steps, whereby the insulating film 7 covering the gate
electrodes 4b, 4c, 4d and 4e is formed. The insulating
film 7 is formed of the silicon nitride film (SizNy) or the
silicon oxide film (SiO2) and has the thickness of about
500A. The insulating film 7 is used as a mask, and the
ion implantation of the arsenic (As) is carried out under
the conditions of 50KeV and 4X10!3/cm2. Thereby,
the source/drain regions 6a, 65, 6¢c and 64 are formed.

As shown in FIG. §, after forming the polysilicon
layer containing a large amount of doped arsenic, the
patterning of the predetermined shape is applied to form
the buried bit line 8 which directly contacts the sour-
ce/drain region 6a. The buried bit line 8 may be formed
of the polysilicon layer and polycide of Wsiy which is
formed on the same polysilicon layer by the sputter
method. The thickness of the buried bit line 8 is deter-
mined to be about 2000A-4000A. The insulating film 9

'1s formed to cover the buried bit line 8. The insulating

film 9 1s formed of the silicon nitride film or the silicon
oxide film and has the thickness of about S00A.

As shown in FIG. 6, the polysilicon layer 11¢ con-
taining a large amount of doped arsenic (As) is formed
on the whole surface of the silicon substrate 1 by the
CVD method. The crysta] grain diameter of the
polysilicon layer 11c is in a range from about 200A to
about SO0A as in the prior art.

As shown in FI1G. 7, the CVD method is used to form
an interlayer insulating layer 35 made of the silicon
oxide film and having the thickness in a range from
about 5000A to about 6000A. The thickness of this
insulating layer 35 will determine the height of the
standing wall portion 115 (see FIG. 1) of the capacitor
lower electrode (storage node) 11.

As shown in FIG. 8, resist (not shown) is applied to
the surface of the insulating layer 35, and the patterning
of the predetermined shape is executed, using the lithog-
raphy or the like to form the resist pattern (capacitor
separating layer) 36. The width of the resist pattern 36
determines a space by which the adjacent capacitors are
separated.

As shown in FIG. 9, the insulating layer 35 is selec-
tively removed, using the resist pattern 36 as a mask.
The etching for this removal is executed, e.g., by the
anisotropic etching. If the width of the resist pattern 36
is desired to be smaller than the width of the insulating
layer 35, wet etching may be additionally executed
before removing the resist pattern 36.

As shown in FIG. 10, the CVD method is used to
form the amorphous silicon layer 114 containing the
doped impurity and having the thickness of about
1000A. More specifically, the amorphous silicon layer
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11d, which contains a large amount (2 X 1020/cm3) of
doped arsenic (As) or phosphorus (P), is formed by the
CvD method under the temperature condition of 500°
C.-550° C., using gas mixture of SiH4 and AsH3 or gas
mixture of SiH4 and PHj as material. The amorphous
sitlicon layer 114 thus formed has the surface roughness
of 10A or less. The thickness of the amorphous silicon
layer 11d is determined to maximize an inner diameter
indicated by “L” in FIG. 10.

As shown in FIG. 11, thick resist 37 is applied to the
amorphous silicon layer 11d for completely covering
the surface thereof. The etchback is applied to the resist
37 to expose a part of the amorphous silicon layer 11d
covering the upper surface of the insulating layer 35.

As shown in FIG. 12, the amorphous silicon layer 114
1s etched, and subsequently the insulating layer 35 (see
FIG. 11) is removed by the etching in a self-aligned
manner. Thereby, the surface of the polysilicon layer
11c 1s exposed through an opening from which the insu-
lating layer 35 (see FIG. 11) is removed.

As shown in FIG. 13, the anisotropic etching is exe-
cuted to remove only the exposed region of the polysili-
con layer 11c¢ (see FIG. 12) in the self-aligned manner.
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The etching applied to the polysilicon layer 11c does

not roughen the surface of the amorphous silicon layer

25

11d. More specifically, due to the etching of the

polysilicon layer 11c, the amorphous silicon layer 114 is
etched to some extent. However, since the amorphous
silicon layer 114 does not have any grain boundary,
unlike the polysilicon layer, the grain boundary does
not render the etching irregular. As a result, the surface
of the amorphous silicon layer 114 is uniformly etched
and thus the surface roughness, which was initially 10A
or less, does not increase. The etching of the polysilicon
layer 11c (see FIG. 12) also forms the base portion 11a
(see FIG. 13) forming the capacitor lower electrode.
As shown in FIG. 14, the capacitor insulating film 12
1s formed to cover the amorphous silicon layer 114 (see
FIG. 13) and the base portion 11a. The capacitor insu-
lating film 12 is formed of a thin film made of the silicon
nitride film, the silicon oxide film or the composite film
thereof, or made of the tantalum pentoxide film
(Taz0s), the hafnium oxide film (HaO») or the like. The
heat (about 700° C.) during the formation of the capaci-
tor insulating film 12 polycrystallizes the amorphous
sticon layer 11d. Thereby, the standing wall portion
115 of the polysilicon layer is formed. That is; the amor-
phous silicon layer 114 is crystallized by the heat treat-
ment (600° C.-950° C.) during the process. Owing to
this crystallization, the polysilicon layer (standing wall
portion) 116, which has the crystal grain diameter of
IOOOA-IOOOOA, 1s formed with its surface maintained
flat (surface roughness of 10A or less). Here, the crystal
grain diameter (1000A-10000A) of the silicon crystal
forming the polysilicon layer (standing wall portion)
115 is larger than the crystal grain diameter
(200A-~500A) of the silicon crystal forming the conven-
tional polysilicon layer. Therefore, the number of the
microscopically concave and convex portions of the
surface of the polysilicon layer (standing wall portion)
115 1s extremely smaller than that in the prior art. As
described above, since the standing wall portion 115 is
formed of the polysilicon layer which has the extremely
small surface roughness (10A or less) and a reduced
number of the microscopically concave and convex
portions of the surface, it is possible to effectively pre-
vent the deviation of the field applied to the capacitor
insulating film 12 covering the standing wall portion
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11b. Consequently, the durability of the capacitor insu-
lating film 12 can be remarkably improved as compared
with the prior art.

As shown in FIG. 15, the cell plate 13 made from the
polysilicon containing a large amount of doped: phos-
phorous is formed on the whole surface. The polysili-
con layer forming the cell plate 13 has the crystal grain
diameter of a conventional value (200A-500 ).

As shown in FI1G. 16, the CVD method js used to
form the interlayer insulating film 14 of S000A-10000A
in thickness on the whole surface. The interconnection
layers 15, which correspond to the word lines 45, 4¢, 4d
and 4e, are formed, e.g., of aluminum with the predeter-
mined spaces therebetween. The interconnection layers
15 thus formed have the thickness of about
5000A -10000A.

Finally, as shown in FIG. 1, the CVD method is used
to form the protection film 16 which covers the inter-
connection layer 15 and is made of the silicon oxide
film. The protection film 16 thus formed has the thick-
ness of about 8000A or less. By these steps, the DRAM
of the first embodiment is completed.

Refernng to FIG. 17, in a case that a polysilicon layer
416 1s formed to have a large crystal grain diameter
(1000A-10000A) at an initial stage, the number of the
microscopically concave and convex portions can be
reduced as compared with the prior art. That is; the
conventional polysilicon layer 2114 shown in FIG. §2
has the crystal grain diameter of 200A-500A, and, on
the other hand, the polysilicon layer 416 shown in FIG.
17 has the crystal grain diameter of about
1000A-10000A. Therefore, although the degree of the
microscopical unevenness of the surface is not reduced,
the number of the microscopically concave and convex
portions can be reduced. Consequently, the irregularity
of the field, which is applied to the capacitor insulating
film covered with the polysilicon layer 415, is sup-
pressed as compared with the prior art. This can im-
prove the durability of the capacitor insulating film.

Referring to FIG. 18, a DRAM of a second embodi-
ment includes a stlicon substrate §1, an element isolating
oxide film 52 formed on a predetermined region of a
major surface of the silicon substrate 51 for separating
elements, source/drain regions 54¢, 545, 54¢ and 544
formed in regions surrounded by the element separating
oxide film 52 with predetermined spaces therebetween
and located at opposite sides of a channel region 53,
gate electrodes (word lines) 575 and 57¢ formed on the
channel region 53 with a gate oxide film 56 therebe-
tween, word lines (gate electrodes) 57d and 57¢ formed
on the element isolating oxide film 52 with a predeter-
mined space therebetween, and an insulating film 58
covering the gate electrodes 575, 57¢, 57d and 57e. The
source/drain regions 54q and 545 and the gate electrode
57c¢ form a transfer gate transistor 55 of one of the mem-
ory cells. The source/drain regions 54a and 54¢ and the
gate electrode 575 form the transfer gate transistor 55 of
the other memory cell. The source/drain regions 54q,
54b, S4c and 544 contain n-type impurity (e.g., arsenic)
introduced thereto. The gate electrodes 57a, 57b, 57c
and 57d are formed of polysilicon layers into which a

‘large amount of arsenic (As) are doped. The element

1solating oxide film 52 is about 4000A in thickness. The
insulating film 58 is formed of a silicon nitride film

(Si3Nyg) or a silicon oxide film and is about 500A in
thickness. |

The DRAM of the second embodiment further in-
cludes a buried bit line 59 electrically connected to the
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source/drain region 54g, an insulating film 60 covcrmg
the buried bit line 59, a base portion 61, which is electri-
cally connected to the source/drain region 545, extends
over and along the insulating films 58 and 60 and forms
the capacitor lower electrode (storage node) 70, a
standing wall portion 62, which contacts the outermost
edge of the base portion 61, extends perpendicularly to
the silicon substrate 51 and forms a capacitor lower
electrode 70, a capacitor insulating film 63 covering the
‘standing wall pOl'thIl 62 and the base portion 61, a cell
plate 64 covering the capacitor msulatmg film 63, an
interlayer insulating film 65 covering the cell plate 64,
interconnection layers 66 formed of, e.g., aluminum on
the interlayer insulating film 65 correspondingly to the
gate electrodes 57b, §7¢, 57d and 57¢ with predeter-
mined spaces therebetween, and a protection film 67
covering the interconnection layer 66. The bit line 59 is
formed, for example, of a polysﬂlcon layer containing a

large amount of doped arsenic or a polycide layer of

Wsi> which is formed on the same polysilicon layer, and
has the thickness of about 2000A—-4000A.. The insulating
- film 60 covering the bit line 59 is formed of a silicon
nitride film (Si3Nj) or a sihicon oxide film, and has the
- thickness of about 500A. The base portion 61 formmg
the capacitor lower electrode (storage node) 70 is
formed of a polysilicon layer containing a large amount
of doped arsenic (As), and the crystal grain diameter of
the polysilicon layer is in a range from about 200A to
about 500A. The standing wall portion 62 is formed of
a polysilicon layer having a crystal grain diameter in a
range from about 1000A to about 10000A, similarly to
the first embodiment. The capacitor msulatm g film 63 is
formed of a silicon nitride film, a silicon oxide film or a
composite film thereof, or is formed of a tantalum pen-
toxide film (TaxOs), a hafnium oxide film (HaO;) or
others. The cell plate 64 is formed of a polysilicon layer,
which contains a large amount of doped phosphorous
and has the crystal grain diameter of 200A-500A. The
interlayer lnsulatmg film 65 1 1s formed of a silicon oxide
film of about 5000A-10000A. in thickness. The protec-
tion film 67 is formed of a silicon oxide film and has a
thickness of about 8000A.

Also in the second embodiment, as stated above, the
standing wall portion 62 forming the capacitor lower
electrode (storage node) is formed of the polysilicon
layer having the crystal grain diameter of about
1000A-10000A, whereby the effect similar to that of the
first embodiment shown in FIGS. 1 and 2 can be ob-
tained.

More specifically, since the standing wall portion
(polysilicon layer) 62 has the crystal grain diameter
(IOOOA—IOOOOA) larger than the conventional value
(200A-500A), the number of the microscopically con-
cave and convex portions of the surface of the standing
wall portion 62 is reduced. Also, by using the manufac-
turing process, which will be described later, the sur-
face roughness (about 10A or less) of the standing wall
62 value (100A). Consequently, it is possible to effec-
tively prevent the variation of the field applied to the
capacitor insulating film 63 covering the standing wall
portion 62. Consequently, the durability of the capaci-
tor insulating film 63 can be remarkably improved as
compared with the prior art.

Now, a manufacturing process of a DRAM of the
second embodiment will be described below with refer-
ence to FIGS. 18 and 19-30.

First, as shown in FIG. 19, the element separating
oxide film 52 is formed at the thickness of about 4000A
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on the predetermined region of the major surface of the
silicon substrate 51, e.g., by the LOCOS method.

Then, as shown in FIG. 20, the thermal oxidation
method or the like is used to form the gate oxide film 56
on the whole surface. Thereafter, the gate electrodes
(word lines) 575, 57¢, 57d and 57e are selectively
formed. The insulating film 58 made of the silicon oxide
film is formed at the thickness of about 500A to cover
the gate electrodes 57b, 57¢, 57d and 57e. The ion im-
plantation of arsenic (As) is carried out under the condi-
tions of 50KeV and 4 X 1015/cm?, using the silicon oxide
film 58 and the gate electrodes 575, 57¢, 57d and 57e¢ as
a mask, whereby the source/drain regions 54q, 545, 54¢
and 544 are formed.

As shown in FIG. 21, after forming a polysilicon
layer (not shown) containing a large amount of doped
arsenic on the whole surface, the patterning is applied to
form the buried bit line 59 which is electrically con-
nected to the source/drain region 54a. The bit line 59
may be formed of the polysilicon layer and polycide of
Wsi; formed on the pOlysﬂlcon layer by the sputter
method. The buried bit line 59 is formed to have the
whole thickness of about 2000A-4000A. The insulating
film 60 made of the silicon oxide film is formed at the
thickness of about 500A to cover the buried bit line 59.

As shown 1n FIG. 22, a polysilicon layer 614 contain-
ing a large amount of arsenic doped in the whole suz-
face is formed. The polysilicon layer 61a has the crystal
grain diameter of a conventional value (about
200A-500A).

As shown in FIG. 23, the CVD method is applied to
the whole surface to form an interlayer insulating film
68 made of the silicon oxide film to the thickness of
about S000A-6000A.

As shown in FIG. 24, resist 69 is formed at a predeter-
mined region of the interlayer insulating film 68. Using
the resist 69 as a mask, the anisotropic etching is applied
to the interlayer insulating film 68 for selectively re-
moving the interlayer insulating film 68. Thereafter, the
resist 69 is removed.

As shown in FIG. 25, the polysilicon layer 61a (see
FIG. 24) is etched, using the interlayer insulating film
68 as a mask, whereby the polysilicon layer 614 is selec-
tively removed. Thereby, the base portion 61 forming
the capacitor lower electrode (storage node) 70 is com-
pleted.

As shown in FIG. 26, an amorphous silicon layer 62a
1s formed to cover the interlayer insulating film 68.
Specifically, the amorphous silicon layer 62gq, which
contains a large amount (2 X 1020/cm3) of doped arsenic
(As) or phosphorus (P), is formed by the CVD method
under the temperature condition of 500° C.-550° C.,
using gas mixture of SiHs and AsH3 or gas mixture of
SiH4 and PH3 as material. The amorphous silicon layer
62a thus formed can have the surface roughness of 10A
or less, if its thickness is 1000A, similarly to the amor-
phous silicon layer 114 of the first embodiment shown
in FIG. 10.

As shown in FIG. 27, the amorphous silicon layer 62a
1s selectively removed by the amsotmplc etching. Al-
though the side surface of the remaining amorphous
silicon layer 624 is etched to some extent, it is etched
uniformly because the layer 62a is not polysilicon.
Therefore, the surface roughness (10A or less) of the
remaining amorphous silicon layer 62¢ does not in-
crease. Thereafter, the interlayer insulating film 68 is
removed by the wet etching. Thereby, the construction
shown in FIG. 28 is completed.
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As shown in FIG. 29, the capacitor insulating film 63

1s formed to cover the amorphous silicon layer 62a (see
FIG. 28) and the base portion 61. The heat during the
formation of the capacitor insulating film 63 polycrys-
tallizes the amorphous silicon layer 62a. Thereby, the
standing wall portion 62 of polysilicon is formed. More
specifically, the amorphous silicon layer 624 is crystal-
lized by the heat treatment (600° C.-950° C.) during the
process and turns to the polysilicon layer 62 having the
crystal grain diameter of about 1000A-10000A. The
crystal grain diameter of about 1000A-10000A is larger
than the crystal grain diameter (200A~500A) of the
conventional polysilicon. Therefore, the number of the
microscopically convex and concave portions of the
surface of the standing wall portion (polysilicon layer)
62 can be reduced. The polysilicon layer 62 formed by
polycrystallizing the amorphous silicon layer 62z main-
tains the surface roughness of the amorphous silicon
layer 62a as it was. Therefore, the polysilicon layer
(standing wall portion) 62 having the thickness of about
1000A has the surface roughness of about 10A or less.
Therefore, the polysilicon layer (standing wall portion)
62, having the surface roughness (about 10A) which is
remarkably smaller than the surface roughness (100A)
of the conventional polysilicon layer, can be obtained.
This can effectively prevents the irregularity of the field
applied to the capacitor insulating film 63 covering the
standing wall portion 62. Therefore, the durability of
the capacitor insulating film 63 can be improved.

As shown in FIG. 30, the capacitor insulating film 63
1s covered with the cell plate 64 which is formed of the
polysilicon layer containing a large amount of doped
phosphorous by the CVD method. |

Finally, the cell plate 64 is covered by the interlayer
nsulating film 65 formed by the CVD method at the
thickness of about 5000A-10000A, as shown in FIG. 18.
The interconnection layer 66 made from aluminum or
the like is formed at the thickness of about
5000A-10000A on the interlayer insulating film 65. The
CVD method is used to cover the interconnection layer
66 with the protection film formed of the silicon oxide
film at the thickness of about 8000A. Thereby, the
DRAM of the second embodiment is completed.

Referring to FIG. 31, a DRAM of a third embodi-
ment includes a silicon substrate 81, an element separat-
ing oxide film 82 formed on a predetermined region of
a major surface of the silicon substrate 81 for separating
elements, source/drain regions 84q, 845, 84c and 844
which are formed in regions surrounded by the element
1solating oxide film 82 and are located at opposite sides
of a channel region 83 with predetermined spaces there-
between, gate electrodes (word lines) 876 and 87¢
formed on the channel region 83 with a gate oxide film
86 therebetween, word lines (gate electrodes) 874 and
87¢ formed on the element isolating oxide film 82 with
a predetermined space therebetween, an insulating film
88 covering the gate electrodes 875, 87¢, 874 and 87¢, a
buried bit line 89 electrically connected to the source/-
drain region 844, an insulating film 90 covering the
buried bit line 89, a base portion 91 which is electrically
connected to the source/drain region 845 and extends
over and along the insulating films 88 and 90 to form a
capacitor lower electrode 100, a standing wall portion
92 which extends along the outermost edge of the base
portion 91 in a direction perpendicular to the silicon
substrate 81 and forms a capacitor lower electrode 100,
a capacitor insulating film 93 covering the standing wall
portion 92, a cell plate 94 covering the capacitor insulat-
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ing film 93, an interlayer insulating film 95 covering the
cell plate 94 and having a flattened surface, interconnec-
tion layers 96 formed on the interlayer insulating film 95
to correspond to the gate electrodes 875, 87¢, 874 and
87e¢ with predetermined spaces therebetween, and a
protection film 97 covering the interconnection layer
96.
The source/drain regions 84a and 84b and the gate
electrode 87c form the transfer gate transistor 85 of one
of the memory cells. The source/drain regions 84a and
84c and the gate electrode 87b form the transfer gate

‘transistor 85 of the other memory cell. The base portion

91 and the standing wall portion 92, which form the
capacitor lower electrode, as well as the capacitor insu-
lating film 93 and the cell plate 94 form a stacked type
capacitor 110 for storing charges corresponding to a
data signal. The separating oxide film 82 is formed of a
silicon oxide film having a thickness of about 4000A.
The gate electrodes 87b, 87c, 874 and 87¢ are formed of
polystlicon layers containing a large amount of doped
arsenic. The insulating films 88 and 90 are formed of
silicon nitride films (Si3Ng) or silicon oxide films each
having a thickness of about 500A. The capacitor insulat-
ing film 93 is formed of a silicon nitride film, a silicon
oxide film or a composite film thereof, or is formed of a
tantalum pentoxide film (Ta20s), a hafnium oxide film
(HaO,) or others. The base portion 91 forming the ca-
pacitor 110 is formed of a polysilicon layer containing a
large amount of doped arsenic. The cell plate 94 is
formed of a polysilicon layer containing a large amount
of doped phosphorous and having a crystal grain diame-
ter of about 200A-500A. The standing wall portion 92
forming the capacitor lower electrode 100 is formed of
a polysilicon layer having a large crystal grain diameter
(1000A-10000A).

In the third embodiment, the standing wall portion 92
forming the capacitor lower electrode 100 has a portion
924, which is formed on the surface of the base portion
91. The thickness of the portion 92a gradually increases
downward. Thereby, a bent shape of joined portions of
the base portion 91 and the standing wall portion 92 is
made moderate as compared with the prior art. Conse-
quently, a macroscopically protruding shape of an end
94a of the cell plate 94, which is opposed to the moder-
ately bent portion 924, is also made moderate. This can
reduce the concentration of field to the capacitor insu-
lating film 93 at the end 94ag of the cell plate 94.
Thereby, the durability of the capacitor insulating film
93 is improved.

Referring to FIGS. 31-33, a manufacturing process
of the standing wall portion 92 forming the capacitor
lower electrode of the third embodiment will be de-
scribed below.

FIG. 32 shows a manufacturing step corresponding
to the manufacturing step of a DRAM of a second
embodiment shown in FIG. 24. When an interlayer
insulating film 98 is selectively etched, using resist 99 as
a mask, a notch or recess 984 is formed at a joined re-
gion of the interlayer insulating film 98 and a polysilicon
layer 91a located under the end of the resist 99. More
specifically, at a final stage of the etching process of the
interlayer insulating film (SiO;) 98, a density of etching
gas plasma (e.g., CF4 or CHF3) is increased. As a
method for increasing the density of the etching plasma,
a pressure in an etching chamber may be increased from
> mTorr to 20 mTorr. By increasing the density of the
etching gas plasma at the final stage of the etching pro-
cess of the interlayer insulating film 98, the notch 98a
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can be easily formed. Thereafter, the resist 99 is re-
moved.

As shown in FIG. 33, the polysilicon layer 91a (see
FIG. 32) is selectively removed, using the interlayer
msulating film 98 as a mask. Thereby, the base portion
91 forming the capacitor lower electrode is formed. An
amorphous silicon layer 102 is formed on the whole
surface. More specifically, the amorphous silicon layer
102, which contains a large amount (2 X 1020/cm3) of
doped arsenic (As) or phosphorus (P), is formed by the
CVD method under the temperature condition of 500°
C.-550° C., using gas mixture of SiH4 and AsHj; or gas
mixture of SiH4 and PH3 as material. The amc:rphous
silicon layer 102 thus formed is has a portion located in
the notch 984 of the interlayer insulating film 98. There-
after, the manufacturing steps similar to those shown in
FIGS. 27-30 are executed, and the DRAM of the third
embodiment shown in FIG. 31 is completed.

According to the semiconductor device of the first
aspect of the invention, the capacitor lower electrode is
formed of the first portion, which is in contact with the
surfaces of the impurity region and the insulating layer
and 1s formed of the silicon crystal having the first grain
diameter, and of the second portion, which is in contact
with at least the outermost edge of the first portion,
extends upward from the major surface of the semicon-
ductor substrate and is formed of the silicon crystal
having the second grain diameter larger than the first
‘grain diameter. Thereby, the number of the microscopi-
cally concave and convex portions of the surface of the
~second portion 1s reduced, which prevents the irregu-
larity of the field applied to the capacitor insulating film
covering the second portion. As a result, the durability
of the capacitor insulating film can be improved.

According to the semiconductor device of the second
aspect of the invention, the capacu:or lower electrode is
formed of the first portion, which is in contact with the
surfaces of the impurity region and the insulating layer,
and of a second portion, which is in contact with at least
the outermost edge of the first portion, and extends
upward from the major surface of the semiconductor
substrate. The portion of the second portion located on
the upper surface of the outermost edge of the first
portion has the thickness, in the direction along the
major surface of the semiconductor substrate, which
gradually increases toward the lower side. Therefore,
the bent shape of the region at which the first and sec-
ond portions are joined is made moderate. Thereby, the
protruding shape of the end of the capacitor upper
electrode, which is formed on the bent region with the
capacitor insulating film therebetween, can be made
moderate. This effectively prevents the concentration
of the field to the capacitor insulating film at the macro-
scopical protrusion of the capacitor upper electrode.
Thereby, the durability of the capacitor insulating film
can be improved.

According to the manufacturing method of the semi-
conductor device of an aspect of the invention, the first
insulating layer located on the major surface of the
semiconductor substrate and having the opening, which
1s located at the predetermined position and reaches the
major surface of the semiconductor substrate, is formed.
The first conductive layer located in the opening and
being in contact with the surface of the first insulating
layer is formed. The second insulating layer is formed
on the predetermined region of the first conductive
layer. The amorphous silicon layer is formed to cover at

least the second insulating layer. The amorphous silicon
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layer is removed by the etching at least from an upper
surface of the second insulating layer, and thereby the
upper surface of the second insulating layer is exposed.
The exposed second insulating layer is removed by
etching. The capacitor insulating layer covering the
amorphous silicon layer is formed. The amorphous
silicon layer is polycrystallized to form the polysilicon
layer. The second conductive layer covering the capac-
itor insulating layer is formed. Therefore, the surface
roughness of the amorphous silicon layer is not in-
creased by the etching, and thus the surface roughness
of the polycrystal silicon layer, which is formed by the
crystallization of the amorphous silicon layer after the
etching, can be reduced. Owing to this, the irregularity
of the field applied to the capacitor insulating layer,
which finally covers the polysilicon layer, is prevented.
As a result, the durability of the capacitor insulating
layer can be improved.

According to the manufacturing method of the semi-
conductor device of another aspect of the invention, the
first insulating layer is formed on the major surface of
the semiconductor substrate. The first insulating layer
has the opening, which is located at the predetermined
position and reaches the major surface of the semicon-
ductor substrate. The first conductive layer, which is
located in the opening and is in contact with the surface
of the first insu]ating layer, is formed. The second insu-
lating layer is formed on the predetermined rcgmn of
the first conductive layer. The etching mask is formed
on the predetermined region of the second insulating
layer. The etching is applied to the second insulating
layer, using the etching mask as a mask, to remove the
second 1nsulating layer located at the region on which
the etching mask is not formed and to excessively re-
move the second insulating layer at that region, which
1s located under the side end of the etching mask and is
In contact with the first insulating layer, to the predeter-
mined extent. The second conductive layer covering
the second insulating layer is formed after the removal
of the etching mask. The residual second insulating
layer is removed after patterning the second conductive
layer. The capacitor insulating layer covering the first
and second conductive layers is formed. The third con-
ductive layer covering the capacitor insulating layer is
formed. Therefore, the second conductive layer enters a
portion from which the second insulating layer is exces-
sively removed, so that a bent portion at a joined region
of the first and second conductive layers has a dull
shape. Thereby, a protruding shape of the third conduc-
tive layer, which is formed on the bent portmn with the
capacitor insulating layer therebetween, is made moder-
ate. Consequently, the concentration of the field to the
capacitor insulating layer located at the protruded por-
tion of the third conductive layer can be prevented.
Thereby, the durability of the capacntor insulating layer
can be improved.

Although the present invention has been described

- and 1illustrated in detail, it is clearly understood that the

65

same is by way of illustration and example only and is
not to be taken by way of limitation, the spirit and scope
of the present invention being limited only by the terms
of the appended claims.

What 1s claimed is:

1. A semiconductor device, comprising:

a semiconductor substrate of a second conductivity
type having a major surface and an impurity region
of a first conductivity type located in said major
surface:;
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an insulating layer formed on said major surface of
said semiconductor substrate and having an open-

20

of a first conductivity type located in said major
surface;

ing reaching said impurity region; an insulating layer formed on said major surface of

a capacitor lower electrode having a first portion,
which is in contact with a surface of said impurity 3
region and a surface of said insulating layer and is a
formed of silicon crystal having a first grain diame-
ter, and a second portion, which is in contact with
at least an outermost edge of said first portion,
extends upwardly from said major surface of said 10
semiconductor substrate and is formed of silicon
crystal having a second grain diameter larger than
said first grain diameter;

a capacitor insulating layer covering the surface of

said capacitor lower electrode; and | 15

a capacitor upper electrode covering the surface of

said capacitor insulating layer.

2. A semiconductor device according to claim 1,
wherein said second grain diameter of said second por-
tion is in a range from about 1000A to about 10000A. 20

3. A semiconductor device according to claim 1,
wherein said second portion has a surface roughness of
about 10A or less.

4. A semiconductor device according to claim 1, 7.

said semiconductor substrate and having an open-
ing reaching said impurity region; *
capacitor lower electrode having a first portion,
which 1s in contact with a surface of said impurity
region and a surface of said insulating layer, and a
second portion, which is in contact with at least an
outermost edge of said first portion and extends
upwardly from said major surface of said semicon-
ductor substrate;

a capacitor insulating layer covering the surface of
-said capacitor lower electrode; and
a capacitor upper electrode covering the surface of

said capacitor insulating layer, wherein

said second portion comprises a lower part located on

an upper surface of said outermost edge of said first
portion and having a thickness along said major
surface of said semiconductor substrate gradually
increasing downward, and a higher part having a
substantially uniform thickness.

A semiconductor device according to claim 6,

wherein said second portion is formed on an upper 25 wherein said second portlon is formed of silicon crystal
surface of said first portion, and extends from a position having a crystal grain dlameter In a range from about
above said outermost edge of said first portion in an  1000A to about 10000A.

upward direction with respect to said major surface of 8.

A semiconductor device according to claim 6,

said semiconductor substrate. wherein said second portion has a surface roughness of
5. A semiconductor device according to claim 1, 30 about 10A or less.

wherein said second portion extends along said outer- 9. A semiconductor device according to claim 6,
most edge of said first portion in an upward direction wherein said capacitor upper electrode has a portion
with respect to said major surface of said semiconduc- opposed to said portion of said second portion of said
tor substrate. capacitor lower electrode of which thickness gradually

6. A semiconductor device, comprising: 35 1ncreases toward the lower side, and said portion of said

a semiconductor substrate of a second conductivity capacitor upper electrode has a smooth shape.

type having a major surface and an impurity region
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